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SPECIAL USES OF SILICONE ELASTOMERS IN
NUCLEAR POWER PLANT SYSTEMS
D .A . Si eraws ki
Dow Corning Corporation
Midland, Michigan

Abstract
The utility of silicone elastomers as construction materials in
nuclear power plants is discussed. Particular emphasis is placed
on two products developed recently by Dow Corning; DOW CORNING®
3-6548 Silicone RTV Foam for fire resistant penetration sealing
and DOW CORNING® Q3-6527 Silicone Dielectric Gel for neutron
shielding. Both of these products are used at present in nuclear
power plants and their use is growing.
1.

INTRODUCTION

2.

Wherever unusual environmental stability
is needed silicone materials will find
usage. With the advent of the nuclear
industry a new environment, gamma radia
tion and neutron exposure, requires mate
rials to be stable under this kind of bom
bardment. The purpose of this paper is to
outline the utility of silicone materials
for applications in nuclear power plant
systems, especially for fire resistant
penetration seals and neutron shields.
The discussion is divided into three main
sections: a general review of silicones
and their features, followed by two sec
tions on specific products, DOW CORNING®
3-6548 Silicone RTV Foam for fire resis
tant penetration seals and DOW CORNING®
Q3-6527 Silicone Dielectric Gel for neu
tron shields.

2.1

DISCUSSION

SILICONE PRODUCTS MEAN RESISTANCE TO
EXTREMES

Silicone polymers have many useful inher
ent properties including low toxicity,
water repellency, flexibility at low tem
peratures, thermal stability, high dielec
tric properties as well as ultraviolet,
corona and ozone resistance. Many of
these properties can be summed up as sta
bility under extreme conditions. This
stability is due to the strength of the
silicone polymer backbone. A segment of
its basic structure might be depicted as
in
Figure 1 - Segment of Typical Silicone
Polymer
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Another area in which silicone products
are useful is where long term UV exposure
or exterior weathering is required.
Dow
Corning sealants for homeowner usage are
guaranteed to last for 20 years in normal
service. Silicone resin-based paints are
used where durable, service free coatings
are needed, such as for water towers,
railroad cars, naval ships and highway
guard rails. Silicone polymers are also
formulated into thin coatings for sealing
and protecting roofs. Silicone roof
coatings have been in service for over
five years and are continuing to perform.

where typically R might be a phenyl or
vinyl group or it could be another methyl.
The Si-0 backbone gives inorganic stabi
lity to the polymer and the organic side
groups permit variety in properties and
performance. These silicone polymers can
be formulated into durable rubbers and
resins which are useful in many applica
tions where organic rubbers and resins
will not perform.
Thermal stability was mentioned as one
result of this stable structure. Data
gathered on the compressibility of DOW
CORNING® 3-6548 Silicone RTV Foam show
that even after 130 days at 200°C there
is no significant change in the resilience
of the foam (see Figure 2).

Now, stability in nuclear environments is
necessary for power plant construction
materials.
Silicone materials are also
stable here with many silicone elastomers
being able to withstand gamma radiation
doses of 100-250 megarads.

Figure 2 - Compressibility of DOW CORNING®
3-6548 Silicone RTV Foam After
Heat Aging

The durability of silicone products has
led to a variety of applications in the
nuclear and electrical power industries.
They are used as transformer fluids to
replace PCB's, fire resistant and high
temperature cable jacketing insulations,
fire resistant high dielectric potting
materials and sealants and as synthetic
high voltage outdoor insulators.
In this
paper two relatively new applications for
silicone products will be emphasized,
fire resistant penetration sealing and
neutron shielding.

Another example of the heat stability of
3-6548 Silicone Foam is contained in
Table 1. Here the constant hydrogen and
carbon percentages are indications that
no significant polymer decomposition is
occurring even at four months at 225°C.

2.2

DOW CORNING® 3-6548 Silicone RTV Foam is a
newly developed product which is ideal for
forming air and water tight, fire resis
tant penetration seals. Penetration seals
are used to close gaps and holes in walls,
ceilings or floors through which conduit,
cables or other elements pass. By sealing
these gaps, fires and other emergency con
ditions can be contained and prevented

Table 1 - Wt. % Carbon and Hydrogen of
DOW CORNING® 3-6548 Silicone
RTV Foam After Heat Aging
at 225°C
wt. % H
wt. % C

1 mo.
7.03
28.1

2 mo s.
7.03
27.9

DOW CORNING® 3-6548 SILICONE RTV FOAM

4 mos.
6.98
27.7
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from spreading for a time to allow easier
control of the situation.
The product is supplied as a two part
liquid. When ready to use, the applica
tor mixes the two portions in a one-to-one
ratio. This can be done by hand or with
automatic mixing and dispensing equipment
for large penetrations. A foam is then
fully formed in 1-3 minutes with an expan
sion ratio of 3.5 to 1. In laboratory
evaluations it is a fire resistant mater
ial with an LOI of 35, a self-extin
guishing time of less than 10 seconds and
a weight loss of about 3% after a 15
second flame exposure.
DOW CORNING® 3-6548 Silicone RTV Foam has
received approval from NEL-PIA and NML,
two nuclear insurance underwriters. Their
conclusions were based on two large scale
burns, one wall and one floor configura
tion.^^ These tests were conducted by
Factory Mutual in accordance with the
ASTM E- 119-73 penetration fire stop test.
This test requires the material to main
tain a seal against fire and smoke pene
tration while being exposed to direct
flames that follow a specified timetemperature curve for three hours. The
first test, a wall burn, was conducted by
Brand Industrial Services, Inc. of Elk
Grove Village, Illinois. The second test,
a floor burn, was conducted as a joint
effort of the Chemtrol Corporation,
Houston, Texas, and Dow Corning. Both
tests were designed to represent the
various types of penetrations found in
actual nuclear plant use. Included in
those test penetrations were the other
materials normally present, such as:
PVC insulated power and control cable,
metal cable trays, conduit, metal
sleeving, pipe and sleeving concentric

The wall test consisted of silicone foam
sealed penetrations in a 10 x 10 foot wall
of 12 inch thick concrete blocks being
exposed to the direct flame of a gas fired
furnace for five hours. The penetrations
were of various sizes and enclosed insu
lated electrical wiring and solid sheet
cable trays .
The flame exposure, monitored by several
thermocouples, followed the time-tempera
ture curve specified by ASTM E-119-73.
The success of the wall test can best be
stated as summarized in Factory Mutual
Research Report #24963: "After five hours,
all seals remained in place and did not
allow passage of fire or smoke".
The floor test is the largest test of
penetration seal fire stops ever attempted
The 13' 9" x 17' 8" x 8" floor contained
twelve openings of various sizes, the
maximum of which was thirteen square feet.
As many as eight cable trays were used in
a single opening. The flame exposure was
for three hours following the ASTM E-11973 specified time-temperature curve. An
alumina-silicate fiber was used as a
damming material during the application of
the silicone foam and remained in place
during the test.
The description and results of four of the
typical penetrations containing silicone
foam are as follows:
(1)

with pipe.

The largest and most difficult test
penetration was a 48" x 40" opening
containing four 18" x 4" ladder back
trays and four 18" x 4" solid back
trays that were filled with PVC
jacketed power conductor and control
cable. The fire stop was constructed
of one inch of damming material and
eleven inches of silicone foam.
During the test, low temperature
readings (100 - 235°F) were noted on
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the cold side of this penetration
seal. After the test, two inches of
resilient silicone foam remained in
areas not adjacent to any conductors.
The areas of silicone foam that were
affected by the fire and heat formed
a hard clinker-like residue that
acted as an ablative during the
remainder of the test.
(2)

inch of damming material and seven
inches of foam.
There was no burn through of the
silicone foam. The seal between the
sleeve and pipe was maintained
through the test. Three inches of
resilient foam remained.
To summarize, it was found that the foam
decomposed approximately five inches above
the damming material regardless of the
size of the penetration and the foam did
an excellent job resisting the extreme
heat passing through the conductors and
pipes and maintained a seal for the entire
test.

A second type of penetration in the
test floor was 50" x 20" opening
containing a 34" x 4" ladder back
tray and a 34" x 4" solid back tray.
Both trays contained PVC jacketed
power conductor and control cables.
The penetration seal consisted of
one inch of damming material and
eleven inches of silicone foam.

2.3

DOW CORNING® Q3-6527 Silicone Dielectric
Gel is mainly used as a protective encapsulant for applications where low stress
generation is required with delicate
electronics components.

Again, low temperature readings
(116 - 205°F) were noted on the cold
side of the seal during the test.
Two inches of resilient foam remained
in the areas adjacent to conductors,
while seven inches of foam in the
areas not adjacent to conductors were
resilient after the test.
(3)

(4)

DOW CORNING® Q3-6527 SILICONE
DIELECTRIC GEL

Most potting, filling or encapsulating
materials used in electrical/electronic
applications have been either fluid or
resinous in nature. A silicone gel is a
departure from these types of products.
It affords the non-flowable permanence of
a resin, as well as the protection from
mechanical and thermal stresses provided
by a fluid.
Its tackiness provides
mechanical adhesion to virtually any
surface, and its jelly-like nature makes
it self-healing to the withdrawal of a
probe.

A 6" diameter conduit, eight inches
long, was mounted flush with both
sides of the test floor. This pene
tration also contained both PVC
jacketed power conductor and control
cables. The seal was constructed of
one inch of damming material and
seven inches of foam. The seal
remained in place throughout the
test and did not allow the passage
of flame.

Silicone dielectric 'gel is supplied as a
two-part system. A base and a curing
agent, both clear fluids are mixed in a
1:1 ratio. Depending on the application,
it may be necessary to apply a vacuum to
the material in order to remove air
entrapped during mixing. The material is
then poured or pumped into place and

A 10" diameter steel sleeve, eight
inches long, was mounted flush with
both surfaces of the test floor.
The sleeve contained a six inch
diameter pipe centered in the opening
Again, the seal consisted of one
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cured in either open or closed containers.
The gel will cure in 24 hours at room
temperature, or the cure may be greatly
accelerated with heat.

Other silicone elastomers could be used in
this application, but would have slightly
lower hydrogen contents (4-7%).
3. SUMMARY

Presently DOW CORNING® Q3-6527 Silicone
Dielectric Gel is being used in solar cell
applications as well as nuclear power
where it is finding use as a neutron
shield. Reactor Experiments, Inc. of
San Carlos, California has formulated a
neutron shield by blending the gel with
other silicone products to attain any
specialized physical properties that are
needed. This blend is then combined with
boron compounds to complete the neutron
shield. Silicone materials are the pro
ducts of choice because they are durable
to heat and radiation and still offer a
high hydrogen content, which is important
in slowing neutrons for subsequent absorp
tion (see Table II).
Table II - Weight % Hydrogen of DOW

O
O
o

1 month
2 months
4 months

225°C

8.21
7 .79
7.25

7.90
8.23
6.93

7.75
7.91
6.98
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CORNING® Q3-6527 Silicone
Dielectric Gel After Heat Aging

Time
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Silicone materials have utility in power
plant systems and can contribute to their
safe operation. DOW CORNING® 3-6548 Sili
cone RTV Foam is being used as an effec
tive penetration seal and DOW CORNING®
Dielectric Gel is beginning to find use in
neutron shielding. Their use will be
expanding in nuclear power plant construc
tion in the coming years.

er feature is that silicones have
some inherent flame resistance and in a
fire situation produce relatively mild
combustion products, mainly carbon dioxide
and silica.

Silicone gel blends have a low viscosity
which allows incorporation of large
amounts of solid additives with easy
pourability or pumpability for installa
tion. Also in an explosion situation any
secondary missiles are minimized because
of the soft rubbery nature of the sili
cones.
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